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Abstract: The African cheetah has been bred in North American zoological facilities since 1956.
The captive population has since grown to around 200 animals because of a combined increase
in importation plus captive births. From 1982 to 1986, the captive birth rate declined by 50%,
primarily because of a low frequency of breeding individuals in the population. The 1986
population had an effective breeding size of 28.1 in a total population of over 193 cheetahs. The
incidence of infant mortality has been high (36.7%) relative to other zoo-bred species, perhaps as
a consequence of the previously observed genetic impoverishment of the species. The
combination of low fecundity, high infant mortality, and population dynamics indicates that the
North American captive cheetah population is neither a self-sustaining nor a theoretically "viable
population" as defined by Soule et al. [ZOO BIOLOGY 5:101-114, 19861. Possible
recommendations for improving captive cheetah propagation are discussed.
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The African cheetah has been bred in North American zoological facilities since
1956. The captive pepulation has since grown to around 200 animals because of
a combined increase in importation plus captive births. From 1982 to 1986, the
captive birth rate declined by 50%, primarily because of a low frequency of
breeding individuals in the population. The 1986 population had an effective
breeding size of 28,1 in a total population of over 193 cheetahs. The incidence of
infant mortality has been high (36.7%) relative to other zoo-bred species, perhaps
as a consequence of the previously observed genetic impoverishment of the
species. The combination of low fecundity, high infant mortality, and population
dynamics indicates that the North American captive cheetah population is neither
a self-sustaining nor a theoretically *‘viable population”* as defined by Soule et al.
[ZOO BIOLOGY 5:101-114, 1986]. Possible recommendations for improving
captive cheetah propagation are discussed.
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INTRODUCTION

The cheetah (Acinonyx jubatus) is the single surviving species of an holarctic
Pleistocene genus Acinonyx and is considered to be markedly divergent in both
anatomy and behavior from the other genera of Felidae. Cheetahs have a number of
morphological and physiological characteristics that are related to their ability to
sprint at high speeds (>>70 miles per h) in pursuit of prey [Wrogemann, 1975;
Kingdon, 1977]. Because of their swift and elusive character, demographic estimates
of wild cheetahs vary considerably, from 1,500 to 25,000 animals [Frame and Frame,
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1981; Myers, 1975, 1986; Joubert and Mostert, 1975; Eaton, 1974; Hamilton, 1986].
Free-ranging cheetahs presently inhabit a broad section of central, eastern, and
southern Africa. Although the area of the cheetah’s range is vast, population density
estimates are rather low (estimated at less than one animal per 6 km?), which has
raised the possibility that cheetah density in certain areas is lower than the ecosystem
could support [Frame and Frame, 1981; Myers, 1975]. The species has been
classified as endangered by the U.S. Fish and Wildlife Service and is listed as
appendix I of the Convention on International Trade on Endangered Species [CITES,
1984].

In light of the cheetah’s endangered status, as well as its aesthetic appeal to
humankind, the species has historically been the object of multiple attempts to
propagate in captivity. For reasons that were unclear until recently, however, the
cheetah has not been easy to breed. Despite the widespread capture and training of
wild cheetahs by Eurasian rulers for several thousand years, there is but a single
report of a captive litter (in the palace of Akbar, a fifteenth century Mogul emperor)
until the 1950s [Guggisberg, 1975]. The difficulty in breeding cheetahs prompted
several conservation initiatives including: 1) the development of the North American
Regional Cheetah Studbook in 1983 [Marker, 1983], now in its fourth edition; 2) the
inclusion of the species as a target animal of the Species Survival Plan (SSP) of the
American Association of Zoological Parks and Aquariums (AAZPA) in 1984; and
3) the establishment of a multidisciplinary research program to provide a biological
explanation for the relative difficulty in breeding cheetahs as compared to other felids
(lions, tigers, pumas, etc.). Results of these studies have established the species as a
paradigm for understanding the interaction of genetic, reproductive, and epidemio-
logical factors in conservation management of threatened and endangered species
[O’Brienetal., 1983; Wildt et al., 1983, 1984a,b; O’Brien et al., 1985, Wayne et al.,
1986; O’Brien et al., 1986, 1987; Wildt et al., 1987].

An important aspect of the description of a species conservation program is the
development of a demographic and genetic profile of the captive-bred population.
Toward this end, a cheetah studbook for North American zoos was published in 1983
and is updated annually by one of us (L.M.) [Marker, 1983, 1984, 1985a, 1986]. In
1988, an international studbook of the cheetah will be compiled as well. We present
here a report on of the progress of acquisition, breeding, and mortality of the captive
cheetah in North American facilities from 1871 to 1986. The results suggest that the
cheetah breeding program is in a precarious position due to several factors that we
believe can be reversed by impiementation of a number of coordinate management
decisions.

STATUS OF THE CAPTIVE POPULATION

The earliest records of importation and public display of cheetahs date back to
1871 [Marker, 1984]. A summary of the numbers of imports and captive births since
that date is presented in Table 1. In total, 470 cheetahs have been imported into North
America and there have been 417 captive births from 113 litters in over 57 zoological
facilities. The first captive birth occurred at the Philadelphia Zoo in 1956, Before
then, 85 animals had been imported; after that (1956-1986), a total of 385 imports
occurred. The following description refers to the breeding period from 1956 to 1986
(Table 2).
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TABLE 1. History of captive cheetahs in North America

1871-1913 1914-1923 1926-1955 1956-1986
No. imported 14 0 71 385
No. births 0 0 0 417
No. deaths 9 4 54 566
No. zoological 4 1 13 39
facilities
No. alive at 5 1 19 193

end of period

The increase in the total number of animals in North American facilities during
this period is illustrated in Figure 1. The total number of captive animals gradually
increased to a maximum of 212 in 1975, The number dropped gradually after this
time t0 a low of 165 in 1980 and increased again to 193 by the end of 1986.

The population growth presented in Figure 1 consists of at least three param-
eters: imports, captive births, and death. The changes in these three characters of the
population are shown as a function of time in Figure 2. Examination of this figure
shows that the majority of the increase in the captive cheetah population before 1972,
when the numbers reached 167, can be attributed to imports. During the 1956-1972
period, there were 305 wild-caught imports and only a few captive births (N = 21).
Importation of cheetahs was terminated by the passage of the Endangered Species Act
in 1973 (see Fig. 2). At about the same time, the captive reproduction of cheetahs
increased to a peak of 37 births in 1975, followed by a temporary decline until 1980,
after which a high of 41 births in 10 captive litters occurred in 1981. From 1982 to
1985, the number of births decreased continuously. The apparent platean in cheetah
numbers from 1983 to 1986 (Fig. 1) is actually the result of increased imports offset
by a steady decline in captive births (Fig. 2). As of December 31, 1986, the captive
cheetah population in North America consisted of 18 wild-caught animals (9%) and
176 (91%) captive-bred animals.

CAPTIVE REPRODUCTION

During the last three decades, the success in breeding of the imported wild-
caught cheetahs has been relatively poor. Of the 385 animals that were imported, 349
were wild-caught and 36 were captive-born in facilities outside of North America. Of
the wild-caught animals, 52 (15%) have successfully reproduced. On a facility basis,
22 of the over 50 (44%) zoological parks that have attempted to breed cheetahs have
succeeded. A breakdown of cheetah breeding at individual facilities is presented in
Table 3. This table indicates that a high proportion of the cheetzh propagation has
occurred at a handful of zoos, with more than half of the contributing institutions
having limited success over a brief time period with a single breeding male or female
or both.

The age distribution of successful cheetah breeders is presented in Figure 3,
Successful parentage has been reported with cheetahs as young as 2 years old or as
old as 12 years of age, while the majority of successful breeding for both sexes occur
between 3 and 9 years of age. These data are relevant in assessing the age structure
of the 1986 population (Fig. 4). The present population includes 49 (25.4%) animals
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TABLE 2. Breeding activity 1956-1986

No.
sUCCess- No.
fully proven
bred breeders
during  alive at

Infunt the end of

No. Deaths mortality year year No.

im- No, No. =6 = 2 live No.
Year ports litters births Total = l mo 1-6mo (%) é 2 & 9 animals facilities
1956 3 1 3 4 3 — 100 1 11 1 19 14
1957 3 L 25— 2100 o111 21 15
1958 5 -  — 2 — - - 21 15
1959 10 — 7 — — — —_— —— — 26 19
1960 10 — —_ 6 — — — _ = — — 30 22
1961 8 — — 5 — — — _— = = — KX) 21
1962 18 2 5 11 3 e 100 1 I 1 1 46 27
1963 7 — 5 —— —_ — _ = — — 48 27
1964 28 — @ - 7 — — — —_ = — — 79 34
95 14 — — 5 — — — - - — — 83 36
1966 27 —_ — 8 — — — — — — — 105 38
1967 15 — — 23 — — — = — 104 40
%68 3 — — 20 — — — - - — — 17 39
1969 10 @ — @ — 10 — o - - — — 36
1970 63 1 3 17 — 67 1 11 146 37
1971 24 2 3 18 | — 20 2 2 3 3 14 38
1972 26 1 3 11 — — 0 1 1 3 3 167 41
1973 23 7 25 24 9 — 36 5 5 5 7 187 41
1974 12 10 41 10 15 0 37 7 9 13 15 208 40
1975 — 8 37 24 6 — 16 6 8§ 12 15 212 40
1976 1 8 35 20 9 1 28 7 8§ 13 16 207 37
1977 — 4 16 2] 4 — 25 4 4 11 10 201 37
978 — 7 25 20 12 48 6 711 12 204 35
1979 — 5 15 28 6 1 47 5 5 13 12 182 33
1980 — 7 18 29 7 1 44 5 7 13 15 165 29
1981 — 10 41 33 14 2 39 6 8 14 15 187 21
1982 — 8 3340 9 4 39 4 71319 172 32
1983 - — 8 30 41 9 2 37 5 6 9 16 163 33
1984 13 9 27 29 3 2 19 6 9 10 18 205 39
1985 25 3 12 3 7 1 44 5 5 914 202 40
1986 ki 9 35 47 15 | 46 6 g 12 17 193 38
Total 385 113 417 566 136 17 Ave.37

over the usual reproductive age (=10 years old), 92 (47.6%) animals between 3 and
9, and 33 (27.4%) subaduits (02 years old). Among the 193 animals alive in 1986,
only 12 males and 17 females are proven breeders; that is, they have bred successfully
at least once. This number permits the computation of the effective breeding size (N.)
for the 1986 population using the formula
_4XMXF _
¢ M+ F

where M is the number of breeding males and F is the number of breeding females.
This value (N.) is equivalent to 14.5% of the captive population. Over the past 30
years, N, was seldom higher (see Table 2). When combined with the observation that

28.1,
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Fig. 1. Total no. cheetahs in 66 North American zoological facilities from 1956 to 1986. Data from
Figures 1-6 are documented in Marker [1985a).
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Fig. 2. Time course of cheetah imports, captive births, and deaths in North American zoological
facilities 1956-1986.

only 15% of the wild-caught animals have successfully reproduced, the chronically
low N, indicates that the captive population falls well below the accepted definition
of a viable population [Soule et al., 1986].

SURVIVORSHIP AND MORTALITY

The growth pattern of a population is actually derived from the combination of
both reproduction and relative survival. As shown in Figure 2, cheetah mortality
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TABLE 3. Cheetah breeding activity in North American zoos 1956-1986

Resident
No. Infant mortality ~ Breeding breeding
Facility litters ~ No. cubs =6 mo (%) period 4 Q
Wildlife Safari, OR 22 97 31 1973 -85 5 7
San Diego Wild Animal Park, 17 64 34 1970-86 5-8 8
CA
Columbus Zoo, OH 13 48 52 1979-86 5 3
Lion Country Safari, CA 9 35 40 1974-78 2 4
Frank Gilbert, AZ 8 33 24 1974-85 -4 2
Lion Country Safari, TX 6 21 47 1974-76 2 3
Cincinnati Zoo, OH 7 21 29 1974-81 1-3 2
St. Louis Zoo, MO 6 21 14 1978-84 1 1
Lion Country Safari, GA 3 12 25 1973-75 | 1
Oklahoma City Zoo, OK 3 8 100 1962-74 3 2
Fossil Rim Ranch, TX 2 8 0 1986 1 2
Phoenix Zoo, AZ 3 7 57 1980-81 2 2
Miami Zoo, FL 2 7 0 1975-78 1 1
White Oak Plantation, FL 2 6 33 1986 1 1
Philadelphia Zoo, PA 2 5 100 195657 | 1
Albuquerque Zoo, NM 2 3 33 198485 1 1
Metro Toronto Zoo 1 6 67 1976 1-2 1
Ont., Canada
African Lion Safari 1 5 100 1978 1 1
Ont., Canada
B. Lowe, OH 1 4 0 1979 1-2 1
Toledo Zoo, OH 1 4 0 1971 1 1
Salt Lake City, UT 1 1 100 1973 1 1
Milwaukee Zoo, WI 1 1 100 1971 1 1
Total 113 417
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Fig. 3. Age distribution of successfully breeding cheetahs during the study period.

gradually increased over the 30-year breeding period, clearly correlating with popu-
lation growth (Fig. 1). The timing of death in the cheetah population, however,
revealed some marked trends. First, the incidence of infant mertality before age 6
months (Table 2) was 37%, a rather high value compared to other noninbred zoo
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Fig. 4. Age distribution of 1986 populations of cheetahs in North American zoos.

species [O’Brien et al., 1985, Ralls and Ballou, 1982a,b; Ralls et al., 1979]. The
extent of infant mortality varied widely among institutions {0~100%; Table 3} and
also between years (Table 2). When the frequency of infant mortality is computed for
those cubs born to related parents (inbred), the frequency is 23/56 = 41%. The
frequency for cubs born from unrelated parents (noninbred) was 130/361 = 36%.
Although the frequency of inbred infant mortality was slightly higher, this difference
is not statistically significant (x> = 0.53; P = 0.1). We have interpreted the apparent
equivalence of survivorship among inbred vs. outbred cheetah litters as a reflection
of an ancestral genetic homogenization event that purged large portions of genetic
variation from the species [O’Brien et al. 1985, 1987].

The age of death of cheetahs recorded in the North American Regional Cheetah
Studbook is presented in Figure 5. Two points are evident from analysis of these data.
First, the most vulnerable age is infancy (0—1 month) when the mortality is 10 times
the frequency than at any other age. Second, there is a clear demarcation between
time of death for wild-caught animals vs. captive-bred animals. The captive-born
animals died almost equivalently from age 2 to 10 years if they survived the first 6
months. With few exceptions, wild-caught animals lived to be 12—16 years of age. At
face value, this distribution would suggest that once wild cheetahs survive in the field
to an age where they can be captured and shipped to the United States, their
survivorship is extended nearly 5 years longer than their captive-bred counterparts in
U.S. zoos. This interpretation, however, should be considered as tentative at best
since most captive-bred animals in this study are young (=13 years old) and have not
yet lived long enough to die at older ages.

The cause of death among captive cheetahs was determined by examination of
214 necropsy reports of specimens that died in captivity (Table 4). As expected, most
deaths were attributable to infant mortalities resulting from stillbirths, premature
births, congenital defects, infection, mother neglect, or cannibalism (N = 79
individuals; 36.9%). The second most predominant killer was feline infectious
peritonitis (FIP), a fatal coronavirus disease that killed 39 animals (18.2%). All of the
FIP diagnoses involved animals that died after 1982 when a major clinical epizootic
occurred at Wildlife Safari Park in Oregon [Q’Brien et al., 1985; Pfeifer et al., 1983;
Evermann et al., 1986). Although FIP had been reported in other cheetah facilities
earlier than 1982 [Van Rensburg and Silkstone, 1984; Horzinek and Osterhaus, 1979;
Worley, 1986], the extent of documentation of the Oregon epizootic alerted the U.S.
wildlife veterinary community to the extremes of morbidity that this disease can cause
in cheetahs. It is possible that the FIP virus was present earlier in cheetah colonies,
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Fig. 5. No. cheetahs dying at different ages: 1969--1986.

but was not recognized before 1982 since the disease is difficult to diagnose. For
example, a common complication of FIP is kidney and/or liver complications, which
are listed as the next most common cause of mortality in captive cheetahs (combined
total of 41 animals [19%]). It may be significant, however, that many cheetahs that
have died of kidney and liver damage are not associated with coronavirus infection
[M. Worley, personal communication]. The remainder of causes of death included a
number of different, less common diagnoses.

FOUNDERS AND PRESENT GENETIC STRUCTURE

The pedigree of the 194 living cheetahs in North American by the end of 1986
is presented in Figure 6. All but one of the 52 founder animals were originally derived
from the South African subspecies A. jubatus jubatus from Southwest Africa/
Namibia. Of the 349 wild-caught cheetahs that were imported, 52 (14.8%) repro-
duced and 33 of these have living descendants (presented in Fig. 6). Among the 417
captive-bred offspring, 257 survived to reproductive age. Of this latter group, 35
(13.6%) have successfully bred. The equivalence in the breeding frequency of
captive-bred (13.6%) vs. wild-caught parentage (14.8%) suggests the equivalent
potential of these two groups for captive propagation. This indicates that subsequent
generations of captive-bred cheetahs should breed as well if not better than their
wild-caught progenitors.

Despite the large number of founders compared to other SSP programs animals
{e.g., Asiatic lion, golden lion tamarin, Sumatran tiger), relatively few have made a
disproportionately large contribution to the 1986 populations’ gene pool. For exam-
ple, from 1981 to 1985, 27 cheetahs reproduced, but 10 of these animals produced
two-thirds of the offspring. These 27 animals have produced a total of 149 cubs that
represent 39% of cubs born over the entire 30-year study period. Further, the actual
number of offspring produced declined steadily from 1981 to 1985 (Fig. 2). In 1986,
there was a modest increase in new births. It may be significant that 8 of the 12 new
breeders in that year were imports.
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TABLE 4. Reported cause of death in captive cheetahs

No.
Cause of death animals Studbook no.
Juvenile mortality 79 86, 87, 117, 118, 119, 120, 148, 180, 181, 182, 183, 188,
192, 193, 194, 199, 200, 201, 202, 224, 227, 228, 229,
236, 237, 241, 242, 243, 246, 251, 252, 256, 257, 263,
274, 279, 284, 285, 286, 287, 288, 289, 290, 292, 268,
321, 322, 323, 324, 323, 326, 327, 377, 382, 389, 401,
402, 413, 438, 440, 441, 442, 443, 473, 474, 475, 476,
477, 478, 479, 480, 481, 485, 496, 497, 498, 499, 500,
509
FIP 39 10, 35, 80, 125, 127, 139, 146, 187, 195, 275, 293, 294,
295, 296, 297, 306, 309, 310, 311, 312, 315, 316, 317,
318, 320, 329, 381, 425, 427, 428, 435, 151, 258, 259,
264, 378, 379, 392, 396
Kidney disease 19 1, 15, 26, 54, 35, 56, 57, 112, 130, 142, 164, 198, 226,
112, 133, 137, 163, 175, 37
Liver disease 14 27, 52, 82, 83, 95, 139, 171, 189, 207, 216, 67, 176, 189,
24
Kidney and liver 8 11, 29, 70, 79, 84, 135, 168, 388
Euthanasia 11 5, 6, 16, 18, 32, 33, 58, 90, 34, 53, 64
{old age)
Aggression g 8, 17, 49, 50, 65, 123, 269, 250
(accident)
Pneumonia 8 77, 102, 121, 124, 147, 307, 446, 452
Neoplasia 4 19, 61, 92, 109
Anesthesia 4 4, 267, 276, 328
Pancreatitis 2 47, 211
Distemper I 60
Heart failure 1 105
Hypothermia 1 375 ,
Miscellaneous bacterial and 15 46, 59, 100, 113, 145, 179, 185, 222, 233, 253, 284, 331,
parasitic infections 400, 122, 232

(septicemia, valley fever,
toxoplasmosis)

COMPARISON OF BREEDING OF CHEETAHS WITHIN AND OUTSIDE OF
NORTH AMERICA

Two facilities outside the United States, Whipsnade Park (London Zoological
Society) and DeWildt Cheetah Breeding and Research Centre (National Zoological
Gardens of South Africa), have also developed successful cheetah breeding programs
over the last two decades [Brand, 1980; Bertschinger et al., 1984; Manton, 1970;
Marker, 1984). A summary of these programs over the last two decades is presented
in Table 5. A significant difference in infant mortality is apparent between the De
Wildt vs. Whipsnade programs (x* = 9.68; P < .01). The lower infant mortality at
Whipsnade may be due to the hybrid matings between southern (A. jubatus jubatus)
and East African cheetahs (A. jubafus raineyi) in their breeding program in contrast
to De Wildt where all the animals were derived exclusively from the southern African
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TABLE 5. Comparison with other cheetah breeding programs*

Breeding No. Deaths Infant Inbred
facility Period No. litters No. births = 6 mo mortality (%)  offspring (%)
De Wildt 1975-1983 68 230 104 45.2 0
Republic of
South Africa
Whipsnade 1964-1984 31 106 29 27.4 44
Great Britain
North America 19561986 113 417 153 36.7 13

*Data derived from Bertchinger et al. [1984], Marker [1985a], and O’Brien et al. [1985].

subspecies. This is especially true when one considers that the South African
subspecies is particularly diminished in endemic genic variation, but is slightly
differentiated genetically from the East African subspecies [O’Brien et al., 1986,
1987]. 1t is also possible that differences in captive management procedures may
impact on these valies as well.

DISCUSSION

The experience of North American zoological facilities has reaffirmed the
traditional difficulty in captive propagation of the cheetah. Despite the capturing,
rearing, and public display of cheetahs for thousands of years, the first documented
captive breeding of cheetahs did not occur until 1956. By 1974, a population of over
200 animals had been achieved and is currently maintained by a combination of
imports and captive breeding. The breeding program, however, is not self-sustaining,
and has shown a marked decline from 1982 to 1985 (Fig. 2). The captive population
has traditionally had a low effective breeding size (less than 15% of the total), and the
1986 population of 193 animals has an N, of 28 animals. The fecundity of wild-
caught vs. captive-born animals is equivalent and low (13.6% to 14.8%). In the
absence of further imports, the size of the captive population would be expected to
decline further.

The present population has a large number of founders relative to other SSP
programs (N = 52), However, because of the limited number of breeding animals,
relatively few individuals have made a disproportionately large genetic contribution
to the living animal gene pool. The potential for improvement of the breeding
program by improving management is suggested by the observation that 7 of the 22
facilities that have bred cheetahs have produced 70% of all the cheetahs born in North
America. Specific SSP recommendations for cheetah breeding based on empirical
observations of these facilities are now being developed for participating institutions.

The difficulty in captive breeding of the cheetah prompted a rather extensive
genetic and physiological analysis of both captive and free-ranging cheetahs [re-
viewed in O’Brien et al., 1985, 1986]. The cheetah appears to be unique among felids
and other mammals in having an extreme paucity of genctic variation as estimated by
electrophoretic surveys of allozymes and cell proteins resolved by two-dimensional
gels [O’Brien et al., 1983]. More unusual was the observation of allogeneic skin graft
acceptance among unrelated cheetahs, revealing genetic monomorphism at the major
histocompatibility complex, an abundantly polymorphic locus in nearly all mammals
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[O’Brien et al., 1985]. A comparative analysis of cheetah ejaculates revealed a sperm
count one-tenth of that observed in domestic cats and an extremely high frequency
(71%) of morphological spermatozoal abnormalities [Wildt et al., 1983, 1987]. In
addition to these phenotypic observations, patterns of skeletal variation also show
significant asymmetry of bilateral characters, a phenomenon generally common in
inbred animals [Wayne et al., 1986]. The combined genetic, reproductive, and
morphological data placed the cheetah in a status reminiscent of deliberately inbred
mice or livestock and prompted us to hypothesize that in its recent history the species
had probably suffered a demographic contraction or population bottleneck necessarily
followed by inbreeding [O’Brien et al., 1987]. Based on the genetic and physiological
similarities of the southern and eastern African subspecies, we concluded that the
proposed bottleneck was an ancient one, perhaps dating back to the global mamma-
lian extinctions near the end of the Pleistocene over 10,000 years ago.

Considering the combined results of the genetics, physiology, structure, and
natural history of the captive cheetah populations, there are several recommendations
that seem important to improve the demographic patterns. First, outbreeding indi-
viduals within the present captive population should be optimized primarily to mask
the potentially deleterious physiological effects of inbreeding among cheetahs. This
strategy could be extended by the introduction of new animals of different genetic
lineages. A particular advantage may be achieved by the inclusion of East African
animals into the program, an approach that was apparently successful at Whipsnade
(Table 5). The probability of outbreeding depression [Shields, 1982] is miniscule
because the genetic distance between the two subspecies is trivial, 10 times less, for
example, than the genetic distance between human racial groups [O’Brien et al.,
1987].

Second, because the N, may be typically low because of inherent genetic
impoverishment, the only way to reverse decline may be to increase the size of the
breeding population. Soule et al. [1986] have estimated that in order to have a viable
population, a principal aim would be to retain 90% of the endemic genetic variation
for over 200 years. Experience with domestic animal breeding has determined that
inbreeding depression can be avoided if the rate of inbreeding per generation remains
below 1%. This translates into an effective breeding size (N,) of at least 50 animals.
If the cheetah’s present N, (14.5%) cannot be improved by husbandry, a total
population of 340 animals would be required to maintain an effective breeding size of
50. Increasing the captive population could be achieved in some ways that would not
impact on the remaining frec-ranging populations. The first is to expand the managed
captive population to an international studbook, a process actually begun in 1987 with
L.M. designated as International Studbook Keeper. Second, inclusion of all captive
cheetahs in studbook management should be implemented as well as consideration of
recently acquired animals being captured in habitats where cheetahs are legally
hunted and trapped, as is the case in Southwest Africa/Namibia [Morsbach, 1987].

Finally, increased research on physiology, reproduction, nutrition, genetics,
and behavior of captive cheetahs should be encouraged. Although we know much
about the cheetah compared to other threatened species, there are many unanswered
but approachable questions. A recently drafted master plan developed by the cheetah
propagation group of the Species Survival Plan of the AAZPA has listed basic
research in reproduction as a primary end of the SSP. This plan has defined research
goals in the related fields of reproduction, nutrition [Setchell et al., 1987], behavior,
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genetics, husbandry [Grisham, 1988], pathology [Gosselin et al., 1988], and epide-
miology. The anticipated results may provide the key to stabilization of the world-
wide captive population with the ultimate end of release of captive-bred animals to
suitable natural habitats.
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